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Description

[0001] This application is based on Japanese Patent
Application No. 2000-377367 filed on December 12,
2000.

BACKGROUND OF THE INVENTION

Field of the Invention

[0002] The present invention relates to improvements
of a shift control apparatus for controlling a continuously
variable transmission device of an automotive vehicle,
and more particularly to techniques for assuring a shift-
down action of a continuously variable transmission
mechanism of the transmission device toward its lowest-
speed position having the highest speed reduction ratio,
before the vehicle is re-started.

Discussion of Related Art

[0003] A continuously variable transmission device of
an automotive vehicle is generally controlled so as to be
shifted down toward its lowest-speed position having the
highest speed reduction ratio, when the vehicle is
stopped. Where the vehicle is abruptly stopped on an
uphill road, for instance, the vehicle may be brought to a
stop before completion of the intended shift-down action
of a continuously variable transmission mechanism of
the transmission device to establish the lowest-speed
position. In the continuously variable transmission, it is
difficult to change the speed reduction ratio after rotary
motions of rotary elements of the continuously variable
transmission mechanism have been stopped. If the trans-
mission mechanism has not been placed in the lowest-
speed position before re-starting of the vehicle, the ve-
hicle cannot be re-started with a sufficient drive force.
Thus, it is difficult to re-start the vehicle when the trans-
mission mechanism is not placed in the lowest-speed
position.
[0004] In view of the above drawback, there has been
proposed a shift control apparatus arranged to effect a
compulsory shift-down action of the continuously varia-
ble transmission mechanism to increase the speed re-
duction ratio toward the highest value upon re-starting
the vehicle after stopping of the vehicle without the high-
est speed reduction ratio being established, even before
initiation of the rotary motions of the rotary elements of
the transmission mechanism, that is, even while the ro-
tary elements of the transmission mechanism are at a
standstill or at rest. This arrangement permits the vehicle
to be re-started with a sufficient drive force. An example
of such a transmission shift control apparatus is disclosed
in JP-A-3-292452, which constitutes the closest prior art.
[0005] In the known shift control apparatus described
above, however, the compulsory shift-down action of the
continuously variable transmission toward its lowest-
speed position upon re-starting of the vehicle during ap-

plication of a drive power to the continuously variable
transmission mechanism causes slipping on the friction
surfaces of the rotary elements in the power transmitting
direction, with a result of undesirable friction on the fric-
tion surfaces of the rotary elements.

SUMMARY OF THE INVENTION

[0006] The present invention was made in view of the
background art discussed above. It is therefore an object
of the present invention to provide a shift control appa-
ratus for controlling a continuously variable transmission,
which permits the transmission to be shifted down toward
the lowest-speed position, while preventing or minimizing
the friction on the friction surfaces of the rotary elements
of the transmission.
[0007] The above object may be achieved according
to the principle of this invention, which provides a shift
control apparatus for controlling a continuously variable
transmission device including a continuously variable
transmission mechanism having rotary elements and op-
erable to transmit a rotary motion of a drive power source
of an automotive vehicle to a drive wheel of the automo-
tive vehicle, such that a speed ratio of the mechanism is
continuously variable, the mechanism including rotary el-
ements, comprising: (a) power-transmission-state deter-
mining means for determining whether the continuously
variable transmission mechanism is placed in a non-pow-
er-transmitting state in which the mechanism is not trans-
mitting a drive force; (b) speed-ratio determining means
for determining whether the continuously variable trans-
mission mechanism is placed in a lowest-speed position;
(c) rotation-stop detecting means for determining wheth-
er the rotary elements are at rest; and (d) compulsory-
speed-ratio-change implementing means for effecting a
compulsory shift-down action of the continuously varia-
ble transmission mechanism toward the lowest-speed
position when the mechanism is placed in the non-power-
transmitting state while the continuously variable trans-
mission mechanism is not placed in the lowest-speed
position and while the rotary elements of the mechanism
are at rest.
[0008] In the shift-control apparatus of the present in-
vention constructed as described above, the compulso-
ry-speed-ratio-change implementing means is operated
to effect the compulsory shift-down action of the contin-
uously variable transmission mechanism, when the pow-
er-transmission-state determining means determines
that the transmission mechanism is placed in the non-
power-transmitting state while the speed-ratio determin-
ing means determines that the transmission mechanism
is not placed in its lowest-speed position and while the
rotation-stop detecting means determines that the vari-
able-diameter pulleys are at a standstill or at rest. The
compulsory shift-down action of the transmission mech-
anism is effected by the compulsory-speed-ratio-change
implementing means, to establish the lowest-speed po-
sition prior to re-starting the vehicle. Further, the com-
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pulsory shift-down action of the transmission mechanism
by the compulsory-speed-ratio-change implementing
means to change the speed ratio toward the value of the
lowest-speed position does not cause frictional sliding
actions of a power transmitting member on the friction
surfaces of the rotary elements in the power transmitting
circumferential direction, since the compulsory shift-
down action is effected while the transmission mecha-
nism is placed in the non-power-transmitting state in
which the transmission mechanism does not transmitting
a drive force. In other words, the compulsory shift-down
action causes only sliding actions of the power transmit-
ting member in the radial direction, and the speed of these
radial sliding actions is considerably low than that of the
circumferential sliding actions, so that the amount of wear
of the friction surfaces of the rotary elements is signifi-
cantly reduced. The speed ratio may be defined as a
speed reduction ratio, which is a ratio of an input speed
of the transmission mechanism to an output speed of the
transmission mechanism. In this case, the transmission
mechanism has the highest speed reduction ration when
it is placed in the lowest-speed position, and the compul-
sory shift-down action cause the speed reduction ratio
to be increased to the highest value.
[0009] A first preferred form of the shift control appa-
ratus of the invention is applicable to an automotive ve-
hicle includes a manually operable member which is op-
erable to select one of a plurality of operating states of
the continuously variable transmission device and which
has a drive position for selecting a power-transmitting
state of the transmission device, and a non-drive position
for selecting the non-power-transmitting state. In this
form of the shift control apparatus, the power-transmis-
sion-state determining means is operable to determine
that the continuously variable transmission mechanism
the is placed in the non-power-transmitting state when a
predetermined time has elapsed after the manually op-
erable member has been operated from the drive position
to the non-drive position. Since the power transmitting
path of the continuously variable transmission device is
disconnected the predetermined time after the manually
operable member is operated to the non-drive position,
the non-power-transmitting state of the transmission
mechanism can be highly reliably detected by the power-
transmission-state determining means.
[0010] According to a second preferred form of the shift
control apparatus of this invention, the power-transmis-
sion-state determining means is operable to determine
that the continuously variable transmission mechanism
is placed in the non-power-transmitting state when an
input torque of the transmission mechanism has been
substantially zeroed. This arrangement permits accurate
detection of the non-power-transmitting state of the trans-
mission mechanism, even when substantially the entire
output torque of the drive power source (e.g., internal
combustion engine) is consumed by an optional device
such as an electric generator (for charging a battery) or
an air conditioner. The present arrangement permits the

compulsory shift-down action of the transmission mech-
anism even when the drive power source is operated to
operate such an optional device.
[0011] A third preferred form of the shift control appa-
ratus further comprises time-elapse detecting means for
determining whether a predetermined time duration has
elapsed after a moment of initiation of the compulsory
shift-down action of the continuously variable transmis-
sion mechanism by the compulsory-speed-ratio-change
implementing means, and the compulsory-speed-ratio-
change implementing means is arranged to terminate
the compulsory shift-down action when the predeter-
mined time duration has passed after the moment of in-
itiation of the compulsory shift-down action. This arrange-
ment is effective to prevent continuation of the compul-
sory shift-down action for an unnecessarily long time du-
ration.
[0012] In one advantageous arrangement of the
above-described third preferred form of the shift control
apparatus, the predetermined time duration for which the
compulsory shift-down action is effected is determined
on the basis of a detected temperature of a working fluid
of the continuously variable transmission device, and ac-
cording to a predetermined relationship between the time
duration and the temperature of the working fluid. This
arrangement permits the shift-down action of the trans-
mission mechanism for the required minimum time, irre-
spective of a variation in the viscosity of the working fluid
with a change in the fluid temperature.
[0013] In another advantageous arrangement of the
shift control apparatus, the predetermined time duration
is determined on the basis of the speed ratio of the con-
tinuously variable transmission mechanism upon initia-
tion of the compulsory shift-down action, and according
to a predetermined relationship between the time dura-
tion and the speed ratio. This arrangement permits the
shift-down action of the transmission mechanism for the
required minimum time, which varies with the speed ratio
upon initiation of the shift-down action of the transmission
mechanism.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The above and other objects, features, advan-
tages and technical and industrial significance of the
present invention will be better understood by reading
the following detailed description of presently preferred
embodiments of the invention, when considered in con-
nection with the accompanying drawings, in which:

Fig. 1 is a schematic view of a power transmitting
system of an automotive vehicle, to which a control
apparatus according to one embodiment of this in-
vention is applied;
Fig. 2 is a partly cut-away elevational view showing
in detail the construction of a belt-and-pulley type
continuously variable transmission incorporated in
the power transmitting system of Fig. 1;
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Fig. 3 is a view showing a portion of a hydraulic con-
trol circuit for controlling the belt-and-pulley type con-
tinuously variable transmission, which portion re-
lates to a belt tension control for controlling the ten-
sion of a belt of the transmission;
Fig. 4 is a view showing a portion of the hydraulic
control circuit for the continuously variable transmis-
sion of Fig. 2, which portion relates to a shift control
for controlling the speed reduction ratio of the con-
tinuously variable transmission;
Fig. 5 is a block diagram schematically illustrating
the arrangement of the control apparatus according
to the first embodiment;
Fig. 6 is a graph indicating stored predetermined re-
lationships used to determine a desired input speed
of the transmission used in a speed-ratio control ex-
ecuted by the control device of Fig. 5;
Fig. 7 is a block diagram for explaining major func-
tional means of the control apparatus of Fig. 5;
Fig. 8 is a graph indicating a relationship between a
duty ratio D of a shift-up control valve or a shift-down
control valve and the shift and a shifting rate of the
continuously variable transmission of Fig. 1;
Fig. 9 is a flow chart illustrating a portion of a control
operation of the control apparatus of Fig. 5;
Fig. 10 is a graph illustrating a stored predetermined
relationship used to determine a judgment time tC
used in step SA3 of Fig. 9, on the basis of a working
oil temperature TOIL;
Fig. 11 is a graph illustrating a stored predetermined
relationship used to determine an elapse time judg-
ment value tD used in step SA4 of Fig. 9, on the basis
of the working oil temperature TOIL;
Fig. 12 is a graph illustrating a stored predetermined
relationship used to determine the elapse time judg-
ment value tD used in step SA4 of Fig. 9, on the basis
of a speed ratio γS upon initiation of a compulsory
shift-down action of the transmission;
Fig. 13 is a flow chart illustrating a control operation
of an electronic control device according to a second
embodiment of this invention.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0015] Referring first to the schematic view of Fig. 1,
there is shown a power transmitting system 10 of an au-
tomotive vehicle, which includes a belt-and-pulley type
continuously variable transmission 18 to which a shift-
control apparatus according to a first embodiment of this
invention is applied. For instance, the automotive vehicle
equipped with the power transmitting system 10 is pref-
erably a transverse FF (front-engine front-drive) vehicle.
The power transmitting system 10 includes a drive power
source in the form of an internal combustion engine 12
an output of which is transmitted to a differential gear
device 22 through a torque converter 14, a forward-re-
verse switching device 16, a belt-and-pulley type contin-

uously variable transmission (CVT) 18 and a speed re-
ducing gear device 20. The output of the engine 12 is
distributed by the differential gear device 22 to left and
right drive wheels 24L, 24R. The belt-and-pulley type
continuously variable transmission 18 is provided in a
power transmission path between the engine 12 and the
left and right drive wheels 24L, 24R (e.g., front drive
wheels).
[0016] The torque converter 14 includes a pump im-
peller 14p connected to a crankshaft of the engine 12, a
turbine impeller 14t connected to the forward-reverse
switching device 16 through a turbine shaft 34, and a
stationary impeller 14s connected through a one-way
clutch to a stationary member. A drive force is transmitted
between the pump and turbine impellers 14p, 14t through
a working fluid. Between these pump and turbine impel-
lers 14p, 14t, there is disposed a lock-up clutch (direct
coupling clutch) 26 arranged to connect the pump and
turbine impellers 14p, 14t so that these impellers are ro-
tated as a unit.
[0017] The forward-reverse switching device 16 is a
planetary gear device of double-pinion type, which in-
cludes a sun gear 16s connected to the turbine shaft 34
of the torque converter 14, and a carrier 16c connected
to an input shaft 36 of the continuously variable trans-
mission 18. When a forward-drive clutch 38 disposed be-
tween the carrier 16c and the sun gear 16s is placed in
its engaged state, the forward-reverse switching device
16 is rotated as a unit, to directly connect the turbine shaft
34 to the input shaft 36, so that a forward drive force is
transmitted to the drive wheels 24L, 24R. When a re-
verse-drive brake 40 disposed between a ring gear 16r
and a housing of the forward-rear switching device 16 is
placed in its engaged state while the forward-drive clutch
38 is placed in its released state, the input shaft 36 is
rotated in a direction opposite to the direction of rotation
of the turbine shaft 34, so that a reverse drive force is
transmitted to the drive wheels 24L, 24R.
[0018] The belt-and-pulley type continuously variable
transmission 18 includes: an input-side variable-diame-
ter pulley 42 which is mounted on the input shaft 36 and
whose effective diameter is variable; an output-side var-
iable-diameter pulley 46 which is mounted on an output
shaft 44 and whose effective diameter is variable; and a
transmission belt 48 which engages V-grooves defined
in the respective variable-diameter pulleys 42, 46. The
drive force is transmitted between the two variable-diam-
eter pulleys 42, 46 through a frictional contact of the trans-
mission belt 48 serving as a power transmitting member
with the surfaces of the V-grooves of the pulleys 42, 46.
The variable-diameter pulleys 42, 46 have respective in-
put-side and output-side hydraulic cylinders (actuators)
42c, 46c operable to change effective widths of the V-
grooves of the respective pulleys 42, 46, that is, the ef-
fective diameters of the pulleys 42, 46 with which the
transmission belt 48 engages. The effective widths of the
V-grooves are changed to change the effective diameters
of the pulleys 42, 46 by controlling a flow of the fluid into
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or from the hydraulic cylinder 42c of the input-side pulley
42. This fluid flow control is effected by a shift control
valve device 50 provided in a hydraulic control circuit 52
shown in Fig. 4. With the effective diameters of the var-
iable-diameter pulleys 42, 46 being changed under the
control of the shift control valve device 50, a speed re-
duction ratio γ of the continuously variable transmission
18 can be continuously varied. The speed reduction ratio
is a ratio γ of an input speed NIN of the transmission 18
to an output shaft NOUT of the transmission 18. It will be
understood that the two variable-diameter pulleys 42, 46
and the transmission belt 48 connecting these pulleys
42, 48 constitute a continuously variable transmission
mechanism, and that the variable-diameter pulleys 42,
46 serve as rotary elements of the continuously variable
transmission mechanism, while the transmission belt 48
serves as the power transmitting member which friction-
ally contacts the rotary elements to transmit the drive
force between the rotary elements.
[0019] A hydraulic pressure PB within the hydraulic cyl-
inder 46c of the output-side variable-diameter pulley 46
corresponds to a squeezing force which is applied from
the variable-diameter pulley 46 to the transmission belt
48, and also corresponds to a tension of the transmission
belt 48. Accordingly, the hydraulic pressure PB may be
referred to as "belt tension control pressure" determining
the tension of the transmission belt 48, "squeezing-force
control pressure" determining the squeezing force which
is applied from the pulleys 42, 46 to the transmission belt
48, or "pressing-force control pressure" determining a
pressing force by which the transmission belt 48 is
pressed against the V-groove surfaces of the pulleys 42,
46. The hydraulic pressure PB is regulated by a squeez-
ing-force control valve 60 provided in the hydraulic con-
trol circuit 52, so as to prevent slipping of the transmission
belt 48 on the V-groove surfaces of the pulleys 42, 46.
[0020] Referring next to the partly cut-away elevational
view of Fig. 2 showing the construction of the belt-and-
pulley type continuously variable transmission 18, the
input-side variable-diameter pulley 42 includes: a station-
ary rotor 42f fixed to the input shaft 36; a movable rotor
42v which is axially movably mounted on the input shaft
36 such that the movable rotor 42v cooperates with the
stationary rotor 42f to define the V-groove and such that
the movable rotor 42v is rotated with the input shaft 36;
and a cylinder body 42b which is fixed to the input shaft
36 so as to slidably engage the movable rotor 42v. The
movable rotor 42v serving as a piston cooperates with
the cylinder body 42b to constitute the hydraulic cylinder
42c described above. The output-side variable-diameter
pulley 46 includes: a stationary rotor 46f fixed to the out-
put shaft 44; a movable rotor 46v which is axially movably
mounted on the output shaft 44 such that the movable
rotor 46v cooperates with the stationary rotor 46f to define
the V-groove and such that the movable rotor 46v is ro-
tated with the output shaft 44; and a cylinder body 46b
which is fixed to the output shaft 44 so as to slidably
engage the movable rotor 46v. The movable rotor 46v

serving as a piston cooperates with the cylinder body 46b
to constitute the hydraulic cylinder 46c described above.
These hydraulic cylinders 42c, 46c are provided with
sealing members 47 for substantial fluid tightness be-
tween the movable rotors 42v, 46v and the cylinder bod-
ies 42b, 46b. Even in the presence of these sealing mem-
bers 47, the hydraulic cylinders 42c, 46c may more or
less suffer from fluid leakage.
[0021] Figs. 3 and 4 show an example of the hydraulic
control circuit 52 indicated above. Described more spe-
cifically, Fig. 3 shows a portion of the hydraulic control
circuit 52, which relates to an operation to regulate the
belt tension control pressure, while Fig. 4 shows a portion
of the hydraulic control circuit 52, which relates to an
operation to control the speed reduction ratio γ of the
transmission 18. Referring to Fig. 3, the hydraulic control
circuit 52 includes an oil reservoir 56 for storing the work-
ing fluid, and a hydraulic pump 54 which is driven by the
engine 12 to pressurize the fluid received from the oil
reservoir 56. The pressure of the pressurized fluid deliv-
ered from the hydraulic pump 54 is regulated to a prede-
termined line pressure PL by a pressure regulating valve
(not shown), and the pressurized fluid having the line
pressure PL is delivered to a linear solenoid valve 58 and
the above-indicated squeezing-force control valve 60.
The linear solenoid valve 58 is energized with an electric
current continuously controlled by an electronic control
device 66 (Fig. 5), to control the pressure of the pressu-
rized fluid delivered from the hydraulic pump 54, into a
controlled pressure PS corresponding to the amount of
electric current applied to the linear solenoid valve 58.
The controlled pressure PS is applied to the squeezing-
force control valve 60, which controls the pressure PB
within the output-side hydraulic cylinder 46c, such that
the pressure PB increases with an increase in the con-
trolled pressure PS. The electronic control device 66 con-
trols the linear solenoid valve 58 to control the hydraulic
pressure PB so that the squeezing force or tension of the
transmission belt 48 is minimized while preventing the
slipping of the transmission belt 48. The tension of the
transmission belt 48, that is, the force of friction between
the variable-diameter pulleys 42, 46 and the transmission
belt 48 is increased as the hydraulic pressure PB within
the output-side hydraulic cylinder 46c is raised.
[0022] The linear solenoid valve 58 has an oil chamber
58a which receives a controlled pressure from a cut-back
valve 62 placed when the cut-back valve 62 is placed in
its ON state. When the cut-back valve 62 is placed in its
OFF state, the cut-back valve 62 is disconnected from
the oil chamber 58a, so that the oil chamber 58a is com-
municated with the atmosphere. Thus, the controlled
pressure PS produced from the oil chamber 58a is made
lower when the cut-back valve 62 is placed in the OFF
state than in the ON state. When the lock-up clutch 26
of the torque converter 14 is placed in its engaged state,
a pilot pressure PON is applied from a solenoid-operated
valve (not shown) to the cut-back valve 62, so that the
cut-back valve 62 is brought to its ON state when the
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lock-up clutch 26 is engaged.
[0023] Referring next to Fig. 4, the shift-control valve
device 50 includes a shift-up control valve 50U for con-
trolling the speed at which the transmission 18 is shifted
up, and a shift-down control valve 50D for controlling the
speed at which the transmission 18 is shifted down. The
shift-up control valve 50u is arranged to control the rate
of supply flow of the pressurized fluid having the line pres-
sure PL into the hydraulic cylinder 42c of the input-side
variable-diameter pulley 42, for thereby controlling the
speed of the shift-up action of the transmission 18. The
shift-down control valve 50d is arranged to control the
rate of discharge flow of the pressurized fluid from the
hydraulic cylinder 42c, for thereby controlling the speed
of the shift-down action of the transmission 18. The shift-
up control valve 50U is connected to a line-pressure pas-
sage L for introducing the line pressure PL. The shift-up
control valve 50U includes a valve spool 50UV for con-
necting or disconnecting the line-pressure passage L to
or from the input-side hydraulic cylinder 42c, and a spring
50US for biasing the valve spool 50UV toward its closed
position, and has an oil chamber 50UC for receiving a
controlled pressure from a shift-up solenoid-operated
valve 64U. The shift-down control valve 50D is connected
to a drain passage D, and includes a valve spool 50DV
for connecting the connecting or disconnecting the drain
passage D to or from the input-side hydraulic cylinder
42c, and a spring 50DS for biasing the valve spool 50DV
toward the closed position, and has an oil chamber 50DC
for receiving a control pressure from a shift-down sole-
noid-operated valve 64D. The duty ratios of the shift-up
and shift-down solenoid-operated valves 60U, 60D are
controlled by the electronic control device 66 to apply
continuously variable control pressures to the respective
oil chambers 50UC, 50DC, so that the speed reduction
ratio γ of the belt-and-pulley type continuously variable
transmission 18 can be continuously changed in the shift-
up or shift-down direction, that is, can be continuously
reduced to the lowest value or increased to the highest
value. When the spool 50DV of the shift-down control
valve 50D is placed in its closed position, there is formed
a fluid passage 61 which permits fluid flows at a relatively
low rate between the line-pressure passage L and the
input-side hydraulic cylinder 42c. When the spools 50U,
50D of the shift-up and shift-down control valves 50U, 50D
are both placed in their closed positions, the pressurized
fluid having the line pressure PL is supplied to the input-
side hydraulic cylinder 42c through the line-pressure pas-
sage L, a flow restrictor 63, a one-way valve 65 and the
above-indicated fluid passage 62, in order to prevent a
change of the speed reduction ratio γ of the transmission
18, which would other take place due to a relatively low
rate of leakage flows of the fluid from the input-side and
output-side cylinders 42c, 46c even though these cylin-
ders are provided with the sealing members 47. Namely,
the fluid may leak from the cylinders 42c, 46c when a
load acts on the input or output shaft 36, 44 so as to
incline the shaft with respect to the nominal axis of rota-

tion.
[0024] As shown in the block diagram of Fig. 5, the
electronic control device 66 is arranged to receive: an
output signal of a shift position sensor 68, which repre-
sents a presently selected operating position PSH of a
manually operated member in the form of a shift lever
67; an output signal of an ignition switch 69 operated by
an ignition key, which represents an operation of the ig-
nition key; an output signal of an accelerator sensor 72,
which represents an operating amount θACC of an accel-
erator pedal 71 operated to change an angle of opening
of a throttle valve 70 of the engine 12; an output signal
of an engine speed sensor 73, which represents an op-
erating speed NE of the engine 12; an output signal of a
vehicle speed sensor (an output speed sensor) 74, which
represents a vehicle running speed V (as calculated on
the basis of a rotating speed NOUT of the transmission
18); an output signal of an input speed sensor 76, which
represents a rotating speed NIN of the input shaft 36 of
the transmission 18; an output signal of an oil tempera-
ture sensor 78, which represents a temperature TOIL of
the working fluid within the power transmitting system 10
(within the transmission 18); and an output signal of a
pressure sensor 80, which represents the hydraulic pres-
sure PB within the hydraulic cylinder 46c of the output-
side variable-diameter pulley 46, that is, the squeezing-
force control pressure PB.
[0025] The electronic control device 66 described
above functions as the shift control apparatus for con-
trolling a shifting action of the continuously variable trans-
mission 18 of belt-and-pulley type. The electronic control
device 66 includes a microcomputer which incorporates
a central processing unit (CPU), a read-only memory
(ROM), a random-access memory (RAM) and an input-
output interface. The CPU operates according to control
programs stored in the ROM, while utilizing a temporary
data storage function of the RAM, to perform a shift con-
trol operation and a belt-force control operation of the
transmission 18, To perform the shift control operation,
the electronic control device 66 first calculates a desired
value NINT of the input shaft speed NIN of the transmis-
sion 18 on the basis of the detected operating amount
θACC (%) of the accelerator pedal 71 (indicative of the
output value of the engine 12 as desired by the vehicle
operator) and the detected vehicle speed V (as calculat-
ed from the detected output shaft speed NOUT), and ac-
cording to predetermined relationships between those
parameters θACC and V and the desired value NINT. An
example of the predetermined relationships is shown in
the graph of Fig. 6. These relationships are represented
by a data map stored in the ROM of the control device
66. The control device 66 then controls the shift control
valve device 50 to control the rate of the fluid flow into or
from the hydraulic cylinder 42c of the input-side variable-
diameter pulley 42 so that the actual input shaft speed
NIN of the transmission 18 coincides with the calculated
value NINT. The predetermined relationship of Fig. 6 are
formulated to obtain the desired input shaft speed NINT
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suitable for operating the engine 12 so as to follow opti-
mum operating characteristic curves at which the engine
output is provided at a maximum fuel economy. In Fig.
6, "γmax" indicates the highest speed reduction ratio of
the transmission 18, while "γmin" indicates the lowest
speed reduction ratio. According to the shift control op-
eration performed by the electronic control device 66 ac-
cording to the data map of Fig. 6, the speed reduction
ratio γ of the continuously variable transmission 18 is in-
creased to the maximum value γmax when the vehicle
speed V is reduced to zero, that is, immediately before
the vehicle is stopped, so that the vehicle can be re-start-
ed with a sufficient drive force.
[0026] To perform the belt-force control operation of
the transmission 18, the electronic control device 66 first
calculates a desired value of the squeezing-force control
pressure PB on the basis of a detected input torque TIN
and the detected speed reduction ratio γ of the transmis-
sion 18, and according to predetermined relationships
between these parameters TIN, γ and the desired value
of the squeezing-force control pressure PB. The control
device 66 controls the squeezing-force control valve 60
provided in the hydraulic control circuit 52, to control the
squeezing-force control pressure PB to the calculated de-
sired value at which the tension of the belt 48 is held at
a required minimum value. According to this belt-force
control operation, the squeezing-force control pressure
PB is lowered to the minimum value when the accelerator
pedal 71 is not in operation, since the actual input torque
TIN of the transmission 18 is extremely small (substan-
tially zero) when the accelerator pedal 72 is not in oper-
ation.
[0027] Referring next to the block diagram of Fig. 7,
there will be described various functional means of the
electronic control device 66 provided to perform the shift
control operation of the continuously variable transmis-
sion 18. The electronic control device 66 includes shift
control means 88, speed-ratio determining means 90,
rotation-stop detecting means 92, power-transmission-
state determining means 94, compulsory-speed-ratio-
change implementing means 96 and time-elapse detect-
ing means 98. The shift control means 88 is operable
during running of the vehicle, and is arranged to calculate
the desired input shaft speed value NINT of the transmis-
sion 18 on the basis of the detected operating amount
θACC (%) of the accelerator pedal 71 and the detected
vehicle running speed V (as calculated from the detected
output shaft speed NOUT), and according to the stored
predetermined relationships between those parameters
θACC and V and the desired value NINT, as indicated in
Fig. 6, by way of example. Then, the shift control means
88 determines the duty ratio D (%) of the shift-up control
valve 50U or shift-down control valve 50D of the shift con-
trol valve device 50 so that the actual input shaft speed
NIN coincides with the calculated desired value NINT. The
sift control means 88 then controls the shift-up control
valve 50U or shift-down control valve 50D in a feedback
control fashion, so as to be operated at the determined

duty ratio D, for thereby controlling the rate of the fluid
flow into or from the hydraulic cylinder 42c of the input-
side variable-diameter pulley 42, whereby the actual in-
put shaft speed NIN of the transmission 18 coincides with
the calculated value NINT. The rate at which the speed
reduction ratio γ of the transmission 18 is varied changes
with the duty ratio D of the shift-up or shift-down control
valve 50U, 50D, as indicated in the graph of Fig. 8, by
way of example.
[0028] The speed-ratio determining means 90 is ar-
ranged to determine whether the speed reduction ratio γ
(NIN/NOUT) of the continuously variable transmission 18
is lower than the highest value γMAX, that is, whether the
transmission 18 is not placed in the lowest-speed position
having the highest speed reduction ratio . For example,
the determination by the speed-ratio determining means
90 is effected by determining whether the detected speed
reduction ration is lower than a predetermined threshold
γA which is close to but slightly lower than the highest
value γMAX. The rotation-stop detecting means 92 is ar-
ranged to determine whether the variable-diameter pul-
leys 42, 46 of the transmission 18 are at a standstill or
at rest. For instance, the determination by the rotation-
stop detecting means 92 is effected by determining
whether the detected input shaft speed NIN of the trans-
mission 18 is higher than a threshold NB which is close
to zero but slightly higher than zero. The power-trans-
mission-state determining means 94 is arranged to de-
termine whether the transmission 18 is placed in a non-
power-transmitting state in which the transmission 18 is
not transmitting a drive force. For example, this determi-
nation is effected on the basis of an operation of the shift
lever 67, which has drive positions such as a forward-
drive position D, an engine-braking position B and a re-
verse-drive position R, and non-drive positions such as
a parking position P and a neutral position N. Described
more specifically, the power-transmission-state deter-
mining means 94 may be arranged to determine whether
a predetermined threshold time tc has elapsed after the
shift lever 67 has been operated from one of the drive
positions to one of the non-drive positions. Alternatively,
the determination by the power-transmission-state de-
termining means 94 may be effected by determining
whether an estimated value of the input torque TIN of the
transmission 18 has been reduced below a predeter-
mined threshold Tc which is close to but slightly larger
than zero. When the shift lever 67 is operated to the park-
ing position P or neutral position N, the forward-drive
clutch 38 or reverse-drive clutch 40 is brought to its re-
leased position, so that the transmission 18 is placed in
its non-drive (non-drive) position in which the transmis-
sion 18 is not capable of transmitting a drive force.
[0029] The compulsory-speed-ratio-change imple-
menting means 96 is operated when the power-trans-
mission-state determining means 94 determines that the
transmission 18 is placed in the non-power-transmitting
state while the speed-ratio determining means 90 deter-
mines that the transmission 18 is not placed in its lowest-
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speed position having the highest speed reduction ratio
γMAX, and while the rotation-stop detecting means 92 de-
termines that the variable-diameter pulleys 42, 46 are at
rest. The compulsory-speed-ratio-change implementing
means 96 is arranged to effect a compulsory shift-down
action of the transmission 18, that is, to command the
shift-down control valve 50D of the shift control valve de-
vice 50 to be operated to its fully open position for per-
mitting the pressurized fluid to be discharged from the
input-side hydraulic cylinder 42c, to thereby increase the
speed reduction ratio γ of the transmission 18 to the high-
est value γMAX, namely, to place the transmission 18 in
the lowest-speed position at which the speed reduction
ratio γ is highest. The time-elapse detecting means 98 is
arranged to determine whether a predetermined thresh-
old time tD has elapsed after the power-transmission-
state determining means 94 determines that the thresh-
old time tc has passed after the operation of the shift lever
67 from the drive position to the non-drive position. Al-
ternatively, the time-elapse detecting means 98 is ar-
ranged to determine whether the predetermined thresh-
old time tD has elapsed after the moment of initiation of
the compulsory shift-down action of the transmission 18
by the compulsory-speed-ratio-change implementing
means 96. The compulsory shift-down action of the trans-
mission 18 implemented by the compulsory-speed-ratio-
change implementing means 96 is continued until the
time-elapse detecting means 98 has determined that the
predetermined threshold time tD has elapsed. That is,
the compulsory shift-down action is terminated or inter-
rupted when the time-elapse detecting means 98 has
determined that the predetermined time tD has elapsed.
[0030] Referring to the flow chart of Fig. 9, there will
be described a compulsory shift-down control routine ex-
ecuted by the electronic control device 66 to effect a com-
pulsory shift-down control of the transmission 18. This
control routine is repeatedly executed with a predeter-
mined cycle time, for instance, several tens of millisec-
onds. The compulsory shift-down control routine is initi-
ated with step SA1 corresponding to the speed-ratio de-
termining means 90, to determine whether the actual
speed reduction ratio γ of the continuously variable trans-
mission 18 is lower than the threshold value γA. If an
affirmative decision (YES) is obtained in step SA1, the
control flow goes to step SA2 corresponding to the rota-
tion-stop detecting means 92, to determine whether the
variable-diameter pulleys 42, 46 are at a standstill or at
rest, that is, whether the detected input shaft speed NIN
is lower than the predetermined threshold NB. If an af-
firmative decision (YES) is obtained in step SA2, the con-
trol flow goes to step SA3 corresponding to the power-
transmission-state determining means 94, to determine
whether the continuously variable transmission 18 of
belt-and-pulley type is placed in the non-power-transmit-
ting state, that is, whether the predetermined threshold
time tc has elapsed after the moment of operation of the
shift lever 67 from one of the drive positions D, B, R to
one of the non-drive positions P, N. The threshold time

tc corresponds to a delay time from the moment of a
switching operation of a manual valve (not shown) oper-
atively connected to the shift valve 67 to the moment at
which the forward-drive clutch 38 or reverse-drive brake
40 is brought to its released state. In other words, the
transmission 18 is considered to be placed in the non-
power-transmitting state when the threshold time tc has
passed after the moment of operation of the shift lever
67 to one of the non-drive positions P, N. In view of an
influence of the viscosity of the working fluid on the
above-indicated delay time, however, it is preferable to
increase the threshold time tC with a decrease in the de-
tected temperature TOIL of the working fluid, according
to a predetermined relationship between the threshold
time tcC and the temperature TOIL, as indicated in the
graph of Fig. 10 by way of example.
[0031] If an affirmative decision (YES) is obtained in
step SA3, the control flow goes to step SA4 correspond-
ing to the time-elapse detecting means 98, to determine
whether the threshold time tD has elapsed after the af-
firmative decision (YES) is obtained in step SA3, that is,
after a predetermined condition to initiate the compulsory
shift-down action of the transmission 18 in step SA6 is
satisfied. Step SA4 may be formulated to determine
whether the threshold time tD has elapsed after the mo-
ment of initiation of the compulsory shift-down action in
step SA6. The threshold time tD is determined to continue
the compulsory shift-down action of the transmission 18
for a required minimum length of time, which is about two
seconds. In view of an influence of the viscosity of the
working fluid on the shift-down action of the transmission
18, the threshold time tD is increased with a decrease in
the detected temperature TOIL of the working fluid, ac-
cording to a predetermined relationship between the time
tD and the temperature TOIL, as indicated in the graph of
Fig. 11 by way of example. For minimizing the duration
of the compulsory shift-down action of the transmission
18 to an extent possible to obtain the intended result of
the compulsory shift-down action, the threshold time tD
is reduced with an increase in the calculated actual speed
reduction ratio γS upon initiation of the compulsory shift-
down action, according to a predetermined relationship
between the time tD and the ratio γS, as indicated in the
graph of Fig. 12 by way of example. The threshold time
tD may be determined on the basis of the fluid tempera-
ture TOIL and the speed reduction ratio γS upon initiation
of the compulsory shift-down action, and according to a
predetermined relationship between these parameters
γS, TOIL, and the threshold time tD, which relationship is
represented by a stored three-dimensional data map.
[0032] If a negative decision (NO) is obtained in step
SA4, the control flow goes to step SA6 corresponding to
the compulsory-speed-ratio-change implementing
means 96, to command the shift-down control valve 50D
of the sift control valve device 50 to be operated to its
fully open position, so that the pressurized fluid is dis-
charged from the input-side hydraulic cylinder 42c,
whereby the speed reduction ratio γ of the transmission

13 14 



EP 1 215 419 B1

9

5

10

15

20

25

30

35

40

45

50

55

18 is reduced toward the highest value γMAX, that is, the
compulsory shift-down action of the transmission 18 is
initiated or continued. If an affirmative decision (YES) is
obtained in step SA4, the control flow goes to step SA5
to terminate or interrupt the compulsory shift-down action
of the transmission 18.
[0033] In the shift-control apparatus constructed ac-
cording to the present embodiment described above, the
compulsory-speed-ratio-change implementing means
96 is operated in step SA6 to initiate the compulsory shift-
down action of the transmission 18, when the power-
transmission-state determining means 94 determines in
step SA3 that the transmission 18 is placed in the non-
power-transmitting state while the speed-ratio determin-
ing means 90 determines in step SA1 that the transmis-
sion 18 is not placed in its lowest-speed position having
the highest speed reduction ratio γMAX, and while the
rotation-stop detecting means 92 determines in step SA3
that the variable-diameter pulleys 42, 46 are at rest. The
compulsory shift-down action of the transmission 18 is
effected by the compulsory-speed-ratio-change imple-
menting means 96, to increase the speed reduction ratio
γ of the transmission 18 toward its highest value γMAX,
so that the highest speed reduction ratio γMAX is estab-
lished prior to re-starting the vehicle. Further, the com-
pulsory shift-down action of the transmission 18 by the
compulsory-speed-ratio-change implementing means
96 to increase the speed reduction ratio does not cause
frictional sliding actions of the transmission belt 48 on
the friction surfaces (V-groove surfaces) of the variable-
diameter pulleys 42, 46 in the power transmitting circum-
ferential direction, since the compulsory shift-down ac-
tion is effected while the transmission 18 is placed in the
non-power-transmitting state in which the transmission
18 does not transmitting a drive force. In other words,
the compulsory shift-down action causes only sliding ac-
tions of the transmission belt 48 in the radial direction,
and the speed of these radial sliding actions is consider-
ably low than that of the circumferential sliding actions,
so that the amount of wear of the friction surfaces of the
pulleys 42, 46 is significantly reduced.
[0034] In addition, the power-transmission-state deter-
mining means 94 is arranged to determine whether the
transmission 18 is placed in the non-transmitting state,
by determining whether the predetermined time tc has
passed from the moment of operation of the shift lever
67 by the vehicle operator from any drive position to any
non-drive position. Since the power transmitting path of
the power transmitting system is disconnected the pre-
determined time tc after the shift lever 67 is operated to
the non-drive position, the non-power-transmitting state
of the transmission 18 can be highly reliably detected by
the power-transmission-state determining means 94.
[0035] Furthermore, the shift control apparatus ac-
cording to the present invention is adapted to terminate
the shift-down action of the transmission 18 when the
predetermined time tD has elapsed after the moment of
initiation of the compulsory shift-down action to increase

the speed reduction ratio γ. This arrangement is effective
to prevent continuation of the compulsory shift-down ac-
tion for an unnecessarily long time duration, that is, for
more than the predetermined time tD.
[0036] The present shift control apparatus is farther
arranged to determine the time tD such that the time tD
decreases with an increase in the detected temperature
TOIL of the working fluid of the transmission 18, according
to the predetermined relationship between the time tD
and the temperature TOIL, as indicated in the graph of
Fig. 11 for illustrative purpose only. This arrangement
permits the shift-down action of the transmission 18 for
the required minimum time, irrespective of a variation in
the viscosity of the working fluid with a change in the fluid
temperature.
[0037] The present shift control apparatus is further
arranged to determine the time tD such that the time tD
decreases with an increase in the speed reduction ratio
γS of the transmission upon initiation of the shift-down
action of the transmission 18, according to the predeter-
mined relationship between the time tD and the ratio γS,
as indicated in the graph of Fig. 12 for illustrative purpose
only. This arrangement permits the shift-down action of
the transmission 18 for the required minimum time, which
varies with the speed reduction ratio γS upon initiation of
the shift-down action.
[0038] Referring to the flow chart of Fig. 13, there will
be described a shift control apparatus according to an-
other embodiment of this invention. The same reference
signs as used in the first embodiment will be used in this
second embodiment, to identify the functionally corre-
sponding elements, which will not be described.
[0039] The flow chart of Fig. 13 illustrates a compulsory
shift-down control routine executed by the electronic con-
trol device 66 to effect a compulsory shift-down control
of the transmission 18 according to the second embod-
iment. This control routine is initiated with step SB1 cor-
responding to the speed-ratio determining means 90, to
determine whether the actual speed reduction ratio γ of
the continuously variable transmission 18 is lower than
the threshold value γA. If an affirmative decision (YES) is
obtained in step SB1, the control flow goes to step SB2
corresponding to the rotation-stop detecting means 92,
to determine whether the variable-diameter pulleys 42,
46 are at a standstill or at rest, that is, whether the de-
tected input shaft speed NIN is lower than the predeter-
mined threshold NB. If an affirmative decision (YES) is
obtained in step SB2, the control flow goes to step SB3
corresponding to the power-transmission-state deter-
mining means 94, to determine whether the continuously
variable transmission 18 of belt-and-pulley type is placed
in the non-power-transmitting state, that is, whether an
estimated value of the input shaft speed NIN of the trans-
mission 18 is equal to or smaller than a predetermined
threshold Tc., which is close to but slightly larger than
zero. The input shaft speed NIN may be estimated, for
example, by subtracting the drive torque of an optional
device (e.g., an air conditioner) driven by the engine 12,
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from a commanded output torque of the engine 12 which
is represented by an engine control signal generated by
an electronic engine control unit.
[0040] If an affirmative decision (YES) is obtained in
step SB3, the control flow goes to step SB4 correspond-
ing to the time-elapse detecting means 98, to determine
whether the threshold time tD has elapsed after the af-
firmative decision (YES) is obtained in step SB3, that is,
after a predetermined condition to initiate the compulsory
shift-down action of the transmission 18 in step SB6 is
satisfied. Step SB4 may be formulated to determine
whether the threshold time tD has elapsed after the mo-
ment of initiation of the compulsory shift-down action in
step SB6. The threshold time tD is determined to continue
the compulsory shift-down action of the transmission 18
for the required minimum length of time (about two sec-
onds), on the basis of the detected temperature TOIL and
the speed reduction ratio γS upon initiation of the com-
pulsory shift-down action of the transmission 18, and ac-
cording to the predetermined relationships as indicated
in the graphs of Figs. 11 and 11, as in the first embodi-
ment. If a negative decision (NO) is obtained in step SB4,
the control flow goes to step SB6 corresponding to the
compulsory-speed-ratio-change implementing means
96, to command the shift-down control valve 50D of the
sift control valve device 50 to be operated to its fully open
position, so that the pressurized fluid is discharged from
the input-side hydraulic cylinder 42c, whereby the speed
reduction ratio γ of the transmission 18 is reduced toward
the highest value γMAX, that is, the compulsory shift-down
action of the transmission 18 is initiated or continued. If
an affirmative decision (YES) is obtained in step SB4,
the control flow goes to step SB5 to terminate or interrupt
the compulsory shift-down action of the transmission 18.
[0041] The shift control apparatus constructed accord-
ing to the present second embodiment described above
provides substantially the same advantages as de-
scribed above with respect to the first embodiment. An-
other advantage is provided by the power-transmission-
state determining means 94, which is arranged to deter-
mine in step SB3 that the transmission 18 is placed in its
non-power-transmitting state, when the estimated value
of the input torque TIN of the transmission 18 is substan-
tially zero. Described more specifically, the threshold val-
ue Tc for the input torque TIN is determined as described
above, the non-power-transmitting state of the transmis-
sion 18 can be detected with high reliability, even when
substantially the entire output torque of the engine 12 is
consumed by an optional device such as an electric gen-
erator (for charging a battery) or an air conditioner. The
present arrangement permits the compulsory shift-down
action of the transmission 18 even when the engine 12
is operated to operate such an optional device.
[0042] While the presently preferred embodiments of
this invention have been described above by reference
to the accompanying drawings, for illustrative purpose
only, it is to be understood that the present invention may
be otherwise embodied.

[0043] For instance, the shift control apparatus accord-
ing to the present invention may be adapted to control a
continuously variable transmission of a toroidal type or
any other types, rather than the belt-and-pulley type con-
tinuously variable transmission 18 including a pair of var-
iable-diameter pulleys 42, 46 connected by the transmis-
sion belt 48. Namely, the shift control apparatus accord-
ing to the present invention is applicable to any type of
continuously variable transmission including rotary ele-
ments connected by a power transmitting member and
operable to change its speed ratio by changing the ef-
fective diameters of the rotary elements at which the pow-
er transmitting member frictionally contacts the friction
surfaces of the rotary elements.
[0044] While the automotive vehicle whose continu-
ously variable transmission 18 is controlled by the shift
control apparatus according to each of the illustrated em-
bodiments, the shift control apparatus is applicable to a
continuously variable transmission of any type of auto-
motive vehicle, such as electric vehicles such as a hybrid
vehicle, which includes at least one drive power source,
such as an electric motor, a motor/generator, and an en-
gine.
[0045] Although the ratio γ of the transmission 18 to
be controlled in the illustrated embodiments is a speed
reduction ratio, namely, a ratio of the input shaft speed
NIN to the output shaft speed NOUT, the ratio to be con-
trolled is a ratio of the output shaft speed NOUT to the
input shaft speed NIN.
[0046] The electronic control device 66 serving as the
shift control apparatus may be adapted to execute both
of the compulsory shift-down control routine of Fig. 9 and
the compulsory shift-down control routine of Fig. 13.
[0047] It is to be understood that the present invention
may be embodied with various other changes, modifica-
tions and improvements, which may occur to those skilled
in the art, in the light of the forgoing teachings.

Claims

1. A shift control apparatus for controlling a continuous-
ly variable transmission device (18) including a con-
tinuously variable transmission mechanism (42, 46,
48) having rotary elements (42, 46) and operable to
transmit a rotary motion of a drive power source (12)
of an automotive vehicle to a drive wheel (24) of the
automotive vehicle, such that a speed ratio of said
mechanism is continuously variable, characterized
in that it further comprises :

power-transmission-state determining means
(94) for determining whether said continuously
variable transmission mechanism (42, 46, 48)
is placed in a non-power-transmitting state
which said mechanism is not transmitting a drive
force;
speed-ratio determining means (90) for deter-
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mining whether said continuously variable trans-
mission mechanism is placed in a lowest-speed
position;
rotation-stop detecting means (92) for determin-
ing whether said rotary elements (42, 46) are at
rest; and
compulsory-speed-ratio-change implementing
means (96) for effecting a compulsory shift-
down action of said continuously variable trans-
mission mechanism toward said lowest-speed
position when said mechanism is placed in said
non power transmitting state while said contin-
uously variable transmission mechanism is not
placed in said lowest-speed position and while
said rotary elements (42,46) of said mechanism
are at rest.

2. A shift control apparatus according to claim 1, where-
in the automotive vehicle includes a manually oper-
able member (67) which is operable by an operator
of the automotive vehicle to select one of a plurality
of operating states of said continuously variable
transmission device (18) and which has a drive po-
sition for selecting a power-transmitting state of said
transmission device, and a non-drive position for se-
lecting said non-power-transmitting state, said pow-
er-transmission-state determining means (94) being
operable to determine that said continuously varia-
ble transmission mechanism (42, 46, 48) is placed
in said non-power-transmitting state when a prede-
termined time has elapsed after said manually op-
erable member has been operated from said drive
position to said non-drive position.

3. A shift control apparatus according to claim 1, where-
in said power-transmission-state determining
means (94) is operable to determine that said con-
tinuously variable transmission mechanism (42, 46,
48) is placed in said non-power-transmitting state
when an input torque of said transmission mecha-
nism has been substantially zeroed.

4. A shift control apparatus according to claim any one
of claims 1-3, further comprising time-elapse detect-
ing means (98) for determining whether a predeter-
mined time duration has elapsed after a moment of
initiation of said compulsory shift-down action of said
continuously variable transmission mechanism (42,
45, 48) by said compulsory speed ratio change im-
plementing means (96), said compulsory-speed-ra-
tio-change implementing means terminating said
compulsory shift-down action when said predeter-
mined time duration has passed after said moment
of initiation of the compulsory shift-down action.

5. A shift control apparatus according to claim 4, where-
in said predetermined time duration is determined
on the basis of a detected temperature of a working

fluid of said continuously variable transmission de-
vice (18), and according to a predetermined relation-
ship between said time duration and the temperature
of the working fluid.

6. A shift control apparatus according to claim 4 or 5,
wherein said predetermined time duration is deter-
mined on the basis of said speed ratio of said con-
tinuously variable transmission mechanism (42, 46,
48) upon initiation of said compulsory shift-down ac-
tion, and according to a predetermined relationship
between said time duration and said speed ratio.

7. A shift control apparatus according to any one of
claims 1-6, wherein said speed ratio of said contin-
uously variable transmission mechanism (42, 46, 48)
is a speed reduction ratio, which is a ratio of an input
speed of said transmission mechanism to an output
speed of said transmission mechanism.

8. A shift control apparatus according to any one of
claims 1-7, wherein said continuously variable trans-
mission device is a continuously variable transmis-
sion (18) of belt-and-pulley type including a contin-
uously variable transmission mechanism which in-
cludes a pair of variable-diameter pulleys (42, 46)
as said rotary elements and a transmission belt (48)
connecting said pair of variable-diameter pulleys,
said speed ratio being changed by changing effec-
tive diameters of said variable-diameter pulleys at
which said transmission belt engages said variable-
diameter pulleys.

Patentansprüche

1. Schaltsteuerungsgerät zur Steuerung einer stufen-
losen Getriebevorrichtung (18), die einen stufenlo-
sen Getriebemechanismus (42, 46, 48) umfasst, der
Drehelemente (42, 46) aufweist und betreibbar ist,
eine Drehbewegung einer Antriebsenergiequelle
(12) eines Kraftfahrzeugs zu einem Antriebsrad (24)
des Kraftfahrzeugs zu übertragen, so dass ein Ge-
schwindigkeitsverhältnis des Mechanismus stufen-
los veränderbar ist,
dadurch gekennzeichnet, dass es umfasst:

eine Energieübertragungszustand-Bestim-
mungseinrichtung (94) zur Bestimmung, ob der
stufenlose Getriebemechanismus (42, 46, 48)
in einen Nicht-Energieübertragung-Zustand
eingestellt ist, bei dem der Mechanismus keine
Antriebskraft überträgt,
eine Geschwindigkeitsverhältnis-Bestim-
mungseinrichtung (90) zur Bestimmung, ob der
stufenlose Getriebemechanismus in eine Nied-
rigstgeschwindigkeitsposition eingestellt ist,
eine Drehungsstopperfassungseinrichtung (92)
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zur Bestimmung, ob sich die Drehelemente (42,
46) in Ruhestellung befinden, und
eine Erzwungene-Geschwindigkeitsverhältnis-
änderung-Durchführeinrichtung (96) zur Bewir-
kung einer erzwungenen Rückschaltaktion des
stufenlosen Getriebemechanismus zu der Nied-
rigstgeschwindigkeitsposition, wenn der Me-
chanismus in den Nicht-Energieübertragung-
Zustand eingestellt ist, während der stufenlose
Getriebemechanismus nicht in die Niedrigstge-
schwindigkeitsposition eingestellt ist und wäh-
rend die Drehelemente (42, 46) des Mechanis-
mus sich in der Ruhestellung befinden.

2. Schaltsteuerungsgerät nach Anspruch 1, wobei das
Kraftfahrzeug ein manuell betreibbares Element (67)
umfasst, das durch eine Bedienungsperson des
Kraftfahrzeugs betreibbar ist, um einen aus einer
Vielzahl von Betriebszuständen der stufenlosen Ge-
triebevorrichtung (18) auszuwählen, und das eine
Fahrposition zur Auswahl eines Energieübertra-
gungszustands der Getriebevorrichtung und eine
Nicht-Fahr-Position zur Auswahl des Nicht-Energie-
übertragung-Zustands aufweist, wobei die Energie-
übertragungszustand- Bestimmungseinrichtung
(94) betreibbar ist zu bestimmen, dass der stufenlo-
se Getriebemechanismus (42, 46, 48) in den Nicht-
Energieübertragung-Zustand eingestellt ist, wenn
eine vorbestimmte Zeit abgelaufen ist, nachdem das
manuell betreibbare Element von der Fahrposition
zu der Nicht-Fahr-Position betätigt wurden ist.

3. Schaltsteuerungsgerät nach Anspruch 1, wobei die
Energieübertragungszustand-Bestimmungseinrich-
tung (94) betreibbar ist zu bestimmen, dass der stu-
fenlose Getriebemechanismus (42, 46, 48) in den
Nicht-Energieübertragung-Zustand eingestellt ist,
wenn ein Eingangsdrehmoment des Getriebeme-
chanismus im Wesentlichen auf Null gestellt worden
ist.

4. Schaltsteuerungsgerät nach einem der Ansprüche
1 bis 3, mit einer Zeitablauf-Erfassungseinrichtung
(98) zur Bestimmung, ob eine vorbestimmte Zeitdau-
er nach einem Initiierungszeitpunkt der erzwunge-
nen Rückschaltaktion des stufenlosen Getriebeme-
chanismus (42, 45, 48) durch die Erzwungene-
Geschwindigkeitsverhältnisänderung- Durchführ-
einrichtung (96) abgelaufen ist, wobei die Erzwun-
gene- Geschwindigkeitsverhältnisänderung- Durch-
führeinrichtung die erzwungene Rückschaltaktion
beendet, wenn die vorbestimmte Zeitdauer nach
dem Initiierungszeitpunkt der erzwungenen Rück-
schaltaktion abgelaufen ist.

5. Schaltsteuerungsgerät nach Anspruch 4, wobei die
vorbestimmte Zeitdauer auf der Grundlage einer er-
fassten Temperatur einer Arbeitsflüssigkeit der stu-

fenlosen Getriebevorrichtung (18) und entspre-
chend einer vorbestimmten Beziehung zwischen der
Zeitdauer und der Temperatur der Arbeitsflüssigkeit
bestimmt wird.

6. Schaltsteuerungsgerät nach Anspruch 4 oder 5, wo-
bei die vorbestimmte Zeitdauer auf der Grundlage
des Geschwindigkeitsverhältnisses des stufenlosen
Getriebemechanismus (42, 46, 48) bei einer Initiie-
rung der erzwungenen Rückschaltaktion und ent-
sprechend einer vorbestimmten Beziehung zwi-
schen der Zeitdauer und dem Geschwindigkeitsver-
hältnis bestimmt wird.

7. Schaltsteuerungsgerät nach einem der Ansprüche
1 bis 6, wobei das Geschwindigkeitsverhältnis des
stufenlosen Getriebemechanismus (42, 46, 48) ein
Geschwindigkeitsverringerungsverhältnis ist, das
ein Verhältnis einer Eingangsgeschwindigkeit des
Getriebemechanismus zu einer Ausgangsge-
schwindigkeit des Getriebemechanismus ist.

8. Schaltsteuerungsgerät nach einem der Ansprüche
1 bis 7, wobei die stufenlose Getriebevorrichtung ein
stufenloses Getriebe (18) eines Riemen- und Rie-
menscheiben-Typs ist, das einen stufenlosen Ge-
triebemechanismus umfasst, der ein Paar von Rie-
menscheiben mit variablem Durchmesser (42, 46)
als die Drehelemente und einen Übertragungsrie-
men (48), der das Paar von Riemenscheiben mit va-
riablem Durchmesser verbindet, umfasst, wobei das
Geschwindigkeitsverhältnis geändert wird, indem
effektive Durchmesser der Riemenscheiben mit va-
riablem Durchmesser, bei denen der Übertragungs-
riemen in Eingriff mit den Riemenscheiben mit va-
riablem Durchmesser ist, geändert werden.

Revendications

1. Un dispositif de commande de changement de vi-
tesses destiné à commander un appareil de trans-
mission à variation continue (18) comprenant un mé-
canisme de transmission à variation continue (42,
46, 48) ayant des éléments rotatifs (42, 46) et pou-
vant fonctionner pour transmettre un mouvement de
rotation d’une source de puissance motrice (12) d’un
véhicule automobile vers une roue motrice (24) du
véhicule automobile, de telle sorte qu’un rapport de
transmission dudit mécanisme soit à variation con-
tinue, caractérisé en ce qu’il comprend en outre:

- un moyen de détermination de l’état de trans-
mission de puissance (94) destiné à déterminer
si ledit mécanisme de transmission à variation
continue (42, 46, 48) est placé dans un état de
non transmission de puissance, selon lequel le-
dit mécanisme ne transmet pas une force mo-
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trice;
- un moyen de détermination de rapport de
transmission (90) destiné à déterminer si ledit
mécanisme de transmission à variation continue
est placé dans une position de vitesse la plus
faible;
- un moyen de détection d’arrêt de rotation (92)
destiné à déterminer si lesdits éléments rotatifs
(42, 46) sont au repos; et
- un moyen de mise en oeuvre du changement
forcé de rapport de transmission (96) destiné à
effectuer une action de rétrogradation forcée du-
dit mécanisme de transmission à variation con-
tinue vers ladite position de vitesse la plus faible
lorsque ledit mécanisme est placé dans ledit état
de non transmission de puissance, alors que le-
dit mécanisme de transmission à variation con-
tinue n’est pas placé dans ladite position de vi-
tesse la plus faible et, alors que lesdits éléments
rotatifs (42, 46) dudit mécanisme sont au repos.

2. Un dispositif de commande de changement de vi-
tesses selon la revendication 1, dans lequel le véhi-
cule automobile comprend un élément pouvant fonc-
tionner manuellement (67) qui peut fonctionner par
l’intermédiaire d’un conducteur du véhicule automo-
bile pour sélectionner l’un d’une pluralité d’états de
fonctionnement dudit appareil de transmission à va-
riation continue (18) et qui a une position motrice
pour sélectionner un état de transmission de puis-
sance dudit appareil de transmission, et une position
non motrice pour sélectionner ledit état de non trans-
mission de puissance, ledit moyen de détermination
de l’état de transmission de puissance (94) pouvant
fonctionner pour déterminer que ledit mécanisme de
transmission à variation continue (42, 46, 48) est pla-
cé dans ledit état de non transmission de puissance
lorsqu’un temps prédéterminé s’est écoulé après
que ledit élément pouvant fonctionner manuellement
soit passé de ladite position motrice à ladite position
non motrice.

3. Un dispositif de commande de changement de vi-
tesses selon la revendication 1, dans lequel ledit
moyen de détermination de l’état de transmission de
puissance (94) peut fonctionner pour déterminer que
ledit mécanisme de transmission à variation conti-
nue (42, 46, 48) est placé dans ledit état de non
transmission de puissance lorsqu’un couple d’en-
traînement dudit mécanisme de transmission a été
sensiblement remis à zéro.

4. Un dispositif de commande de changement de vi-
tesses selon l’une quelconque des revendications 1
à 3, comprenant en outre un moyen de détection de
temps écoulé (98) pour déterminer si une durée de
temps prédéterminée s’est écoulée après un mo-
ment d’initiation de ladite action de rétrogradation

forcée dudit mécanisme de transmission à variation
continue (42, 45, 48) par ledit moyen de mise en
oeuvre du changement forcé de rapport de trans-
mission (96), ledit moyen de mise en oeuvre du chan-
gement forcé de rapport de transmission terminant
ladite action de rétrogradation forcée lorsque ladite
durée de temps prédéterminée est passée après le-
dit moment d’initiation de l’action de rétrogradation
forcée.

5. Un dispositif de commande de changement de vi-
tesses selon la revendication 4, dans lequel ladite
durée de temps prédéterminée est déterminée sur
la base d’une température détectée d’un fluide mo-
teur dudit appareil de transmission à variation con-
tinue (18), et selon un rapport prédéterminé entre
ladite durée de temps et la température du fluide
moteur.

6. Un dispositif de commande de changement de vi-
tesses selon la revendication 4 ou 5, dans lequel
ladite durée de temps prédéterminée est déterminée
sur la base dudit rapport de transmission dudit mé-
canisme de transmission à variation continue (42,
46, 48) sur l’initiation de ladite action de rétrograda-
tion forcée, et selon un rapport prédéterminé entre
ladite durée de temps et ledit rapport de transmis-
sion.

7. Un dispositif de commande de changement de vi-
tesses selon l’une quelconque des revendications 1
à 6, dans lequel ledit rapport de transmission dudit
mécanisme de transmission à variation continue (42,
46, 48) est un rapport de réduction de vitesse, qui
est un rapport d’une vitesse d’entrée dudit mécanis-
me de transmission sur une vitesse de sortie dudit
mécanisme de transmission.

8. Un dispositif de commande de changement de vi-
tesses selon l’une quelconque des revendications 1
à 7, dans lequel ledit appareil de transmission à va-
riation continue est une transmission à variation con-
tinue (18) du type poulies-courroies comprenant un
mécanisme de transmission à variation continue qui
comprend une paire de poulies à diamètres variable
(42, 46) comme lesdits éléments rotatifs et une cour-
roie de transmission (48) raccordant ladite paire de
poulies à diamètre variable, ledit rapport de trans-
mission étant changé en modifiant les diamètres ef-
fectifs desdites poulies à diamètre variable au niveau
desquelles ladite courroie de transmission entre en
prise avec lesdites poulies à diamètre variable.
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